Given the confidentiality of this clinical research, our ethics committee (GNEDS) is preventing us from making our data set publicly available. However, we are willing to make our data available upon request as we consider that it is important for open and reproducible science, and thus we will ensure that all interested and qualified researchers will be able to be granted access.Furthermore, Anne Omnès (<anne.omnes@chu-nantes.fr>) is the contact for data requests and she will able to approve and distribute our data upon request.

Introduction {#sec001}
============

Geophagia is a feeding behavior involving the regular intake of soil \[[@pone.0220557.ref001]\], including clay-like kaolin, an aluminum silicate often used in craft (e.g., pottery) or building material industry (e.g., brickyard). The prevalence of kaolin consumption in the general population of developed countries is poorly known. It seems to be frequently observed in people living in or originating from Africa \[[@pone.0220557.ref002]\] and specifically in populations such as pregnant women, children and people suffering from psychiatric disease \[[@pone.0220557.ref003]\]. The literature estimated its prevalence in pregnant African women to be between 14% \[[@pone.0220557.ref004]\] and 64% \[[@pone.0220557.ref005]\].

Different kaolin consumption habits have been documented, ranging from controlled intake in the context of traditional or alternative medicine practice to compulsive and uncontrollable intake occurring in particular physiological states such as pregnancy. Etiologies are still largely unknown. Regarding the specific case of consumption during pregnancy, one hypothesis is that it alleviates symptoms and discomfort associated with the early stages of pregnancy (hypersalivation, nausea, vomiting and pyrosis). Another hypothesis is that the occurrence of anemia triggers consumption, leading the patient to try to correct the deficiency by consuming other substances suspected to be rich in the element iron (although this iron may not be assimilable, as in the case with clay \[[@pone.0220557.ref006]\]). To date, none of these hypotheses has been validated \[[@pone.0220557.ref003]\].

Kaolin consumption is associated with various hazards. They include heavy metal intoxication (lead, arsenic and cadmium) \[[@pone.0220557.ref007]\], iron and other micronutrient deficiencies (zinc, selenium, copper) \[[@pone.0220557.ref008]\], geohelminth infection \[[@pone.0220557.ref009],[@pone.0220557.ref010]\] and inactivation of concomitantly administered drugs \[[@pone.0220557.ref011]\]. A strong association has been found with anemia and increased risk of preterm birth and low birth weight \[[@pone.0220557.ref012]\]. Since this practice is largely unknown to French practitioners, it could delay the diagnosis and healing of consumers sick from their consumption (e.g., suffering from severe and chronic anemia) \[[@pone.0220557.ref013]\]. Moreover, some consumers seem to show addictive-like symptoms, whose magnitude and frequency are unknown. If addiction is confirmed, patients in this situation would need specific care to avoid relapse of consumption and reoccurrence of associated diseases \[[@pone.0220557.ref003]\].

Objectives {#sec002}
----------

The main objective of the current cross-sectional study was to quantify the prevalence of kaolin consumers in a primary care unit specialized in the handling of migrants in metropolitan France. Three other secondary objectives were investigated. First, we aimed to evaluate which factors were independently associated with kaolin consumption. Second, we evaluated the proportion of consumers showing potentially problematic consumption. Third, we searched for the existence of homogeneous profiles among the consumers and to describe any apparent profiles.

Materials and methods {#sec003}
=====================

Experimental design {#sec004}
-------------------

A cross-sectional, single center study was conducted in the Medical and Psychosocial Gynecology Obstetric Unit of Nantes' University Hospital (UGOMPS). The University Hospital of Nantes is a major health structure, providing care for most of the 3.5 million inhabitants of the French Pays-de-la Loire area. UGOMPS specializes in the care of vulnerable women, particularly those in the migration process. The inclusion period ranged from January 1, 2017, to July 1, 2017. This period was deemed sufficient to reach an adequate sample size.

Participants and outcomes {#sec005}
-------------------------

Each woman consulting for the first time during the inclusion period was verbally asked for consent to be included in the study. In accordance with French laws and with the ethical committee that was consulted, collecting written consent was not necessary as the questionnaire was inserted into a medical consultation not specifically included for research purposes. In the case of consent, a face-to-face questionnaire was administered by the practitioner. An interpretation service was used if necessary (ISM Interprétariat, <http://www.ism-interpretariat.fr/>). Consent and results were recorded in the medical records of each patient. The questionnaire was designed to last less than 10 min because of feasibility constraints.

The primary outcome was the proportion of positive answers regarding the consumption of kaolin within the last twelve months, with its 95% confidence interval. The first secondary outcome was a set of factors identified as being associated with the consumption of kaolin within the last twelve months by use of a multivariate logistic regression, with their respective odds ratio and 95% confidence intervals. The second ancillary outcome regarding the evaluation of problematic consumption was the proportion of positive answers to items on a five-item kaolin problematic consumption screen. In the absence of dedicated and validated questionnaires regarding kaolin consumption that fit our feasibility constraints, questions were adapted from the CAGE questionnaire \[[@pone.0220557.ref014]\] designed for fast alcohol dependence screening with the help of an addictologist ([Table 1](#pone.0220557.t001){ref-type="table"}).

10.1371/journal.pone.0220557.t001

###### Questions used to investigate addictive-like symptomatology.
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  --------------------------------------------------------------------------------------------
  **Questions focusing the addictive-like symptomatology**\
      - Have you ever had a desire to eat kaolin right away (Yes/No) ?\
      - If so, how intense was the urge (between 1 to 10) ?\
      - Have you ever had the impression of eating too much kaolin (Yes/No) ?\
      - Have you ever wanted to lower or stop consuming kaolin (Yes/No) ?\
      - Have you ever needed kaolin in the morning to feel fit (Yes/No) ?\
      - Have you ever had any comments from people around you about eating kaolin (Yes/No) ?

  --------------------------------------------------------------------------------------------

A patient was declared to have a problematic consumption if she answered positively to at least two items among the five investigated (craving, feeling of excessive consumption, desire to stop or decrease, early morning need, negative reaction of relatives). The third ancillary outcome was a consumer profile and their description, identified by use of a clustering approach.

Data collection {#sec006}
---------------

Clinical (age, BMI, history of and current disease, current pharmacotherapy, and pregnancy) and sociodemographic (geographical origin, living conditions, and social isolation) data were collected.

Living conditions were explored with a set of variables. We investigated whether the patient had children at charge, if she was isolated from her family (family isolation), in a relationship or socially inserted (e.g., meeting friends regularly). This variable was reduced to yes or no under the judgment of the physician. She was also asked if she had a stable address (stable housing). Her resources were evaluated by another set of questions, i.e., if she had a job or if she was a student, if she had all her care reimbursed (by being covered in the French healthcare system) and if she was a recipient of financial aid.

Kaolin consumption was evaluated in two steps. First, patients were asked whether they had ever consumed a substance displayed on a board filled with pictures of kaolin-based preparation and if she had consumed it within the last year. If the patient positively responded to the last question, other questions were asked: dates of the last episode of consumption, time of the day, frequency and volume of intake at its climax, whether it occurred during a pregnancy, how the substance was obtained, motivation to consume, if the patient triggered vomiting after consumption and if a replacement substance was used if kaolin was unavailable. The final questions were aimed specifically at the evaluation of a potential addictive symptomatology, as described above. The questionnaires in French and English are provided as supplementary materials, as well as the board with the pictures used to identify kaolin and approximate quantities that were consumed (supplementary files [S1](#pone.0220557.s001){ref-type="supplementary-material"}, [S2](#pone.0220557.s002){ref-type="supplementary-material"} and [S3](#pone.0220557.s003){ref-type="supplementary-material"} Figs respectively).

Ethical issues {#sec007}
--------------

Ethical issues were checked by the independent local ethics committee (GNEDS for "Groupe Nantais d'Ethique dans le Domaine de la Santé"), which approved the conduct of this study and the verbal consent acquisition procedure. This study was also respectful of the French "Commission Nationale Informatique et Liberté" rules regarding data management and analysis.

Statistical analysis {#sec008}
--------------------

Characteristics of the population were described by the use of quantitative and qualitative variables. For normally distributed quantitative variables, the mean and standard deviation were used. For nonnormally distributed ranges, median and interquartile ranges were used. For qualitative variables, frequency and percentages were displayed. The primary analysis was the computation of the percentage of positive response to the question "Have you had consumed one of the substances displayed on this board within the last year?", with its 95% exact confidence interval (95% CI), which was calculated according a binomial law (function binom.test, package "stats", R software). A sample size of 139 patients was calculated to estimate this proportion with a reasonable precision, i.e., 10% ± 5%, according to data retrieved in the literature \[[@pone.0220557.ref015]\].

To evaluate drivers of kaolin consumption, we constructed a multivariable logistic regression model according to a backward stepwise approach. All variables showing a univariate association with a p-value \< 0.75 were included in the initial model. Only variables showing a p-value ≤ 0.05 were kept in the final model. Adequate fit of the data and calibration were checked by performing a Hosmer and Lemeshow test and computing area under curve (AUC) and its 95% confidence interval. The handling of missing data was performed by conducting a complete case approach, as no variables involved in the analysis showed 10% or more missing values. The analysis was carried out with the "rms" R software package \[[@pone.0220557.ref016]\].

A cluster analysis was performed on the kaolin-consuming subgroup of our sample using a two-step approach \[[@pone.0220557.ref017],[@pone.0220557.ref018]\]: first, a factorial analysis on mixed data (FAMD) \[[@pone.0220557.ref019]\] was performed, followed by a hierarchical ascending classification (HAC). The HAC was performed with factors constructed with the FAMD using Ward's method and Euclidean distance \[[@pone.0220557.ref020]\]. The choice of the number of clusters for the HAC was done with the elbow rule. The analysis was performed with the "FactoMineR" R software package \[[@pone.0220557.ref021]\]. A descriptive analysis following the same template as described in the first paragraph was then performed, considering clusters as a grouping variable.

Results and discussion {#sec009}
======================

Study participant description {#sec010}
-----------------------------

A total of 284 women were included in the study. The characteristics of the sample are depicted in [Table 2](#pone.0220557.t002){ref-type="table"}. Their median age was 30 years, and 39% (N = 110) were pregnant. Approximately two-thirds of the sampled women were in a relationship (N = 179, 63%) or with children at charge (N = 164, 58%) and approximately half of them were evaluated as socially inserted (N = 132, 46%). Approximately one-fifth of the sampled women were evaluated as being in a situation of family isolation (N = 48, 17%). Globally, a high level of precarity was observed, with only one-third having stable housing (N = 98, 35%) and one-half having a job (N = 127, 45%) or benefiting from support in resources (healthcare plan coverage for 39% and other financial support for 8%). The patients mostly originated in Africa (N = 163, 57%), especially from the West or Central Africa (WCA) area (N = 86, 31%, and N = 37, 13%, respectively). The characteristics of kaolin consumers and their consumption are shown in [Table 3](#pone.0220557.t003){ref-type="table"} and [Table 4](#pone.0220557.t004){ref-type="table"}, respectively. Compared to nonconsumers, kaolin consumers were younger (median age = 26 years vs 31 years, p\<0.01), more frequently pregnant (62.5% vs 34.8%, p\<0.001) and originated in West Africa (60.0% vs 25.4%, p\<0.001) and Central Africa (32.5% vs 9.8%, p\<0.01). The consumers were less likely to have children at charge (40.0% vs 60.0%, p\<0.01) and to be enrolled in a healthcare plan (17.5% vs 43%, p\<0.001).

10.1371/journal.pone.0220557.t002

###### Characteristics of the study population.
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  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variable                                       Category                                   Total number (N = 284)   Prevalence (95% confidence interval)   Median \[IQR\]   Missing (n, %)
  ---------------------------------------------- ------------------------------------------ ------------------------ -------------------------------------- ---------------- ----------------
  Socioeconomic status                           Children at charge                         164                      57.7 (51.9--63.3)                                       3 (1)\

  Isolated from family                           48                                         16.9 (13.0--21.7)                                                                

  Socially inserted                              132                                        46.5 (40.8--52.3)                                                                

  In a relationship                              179                                        63.0 (57.3--68.4)                                                                

  Healthcare plan enrollee                       112                                        39.4 (33.9--45.2)                                                                

  Recipient of financial aid                     22                                         7.7 (5.2--11.5)                                                                  

  Without a job                                  127                                        44.7 (39.0--50.5)                                                                

  Student                                        16                                         5.6 (3.2--8.9)                                                                   

  Live in a stable housing                       98                                         34.5 (29.2--40.2)                                                                

  Clinical variable                              Age (year)                                                                                                 30 \[25--38\]    1 (0.3)

  BMI                                                                                                                25.3 \[22.4--30.0\]                    16 (5.6)         

  Pregnancy                                      110                                        38.7 (33.2--44.5)                                               3 (1)            

  Geographical origins                           West Africa                                86                       31.2 (26.0--36.8)                                       8 (2.8)

  Europe                                         58                                         21.0 (16.6--26.2)                                                                

  Central Africa                                 37                                         13.4 (9.9--17.9)                                                                 

  North Africa                                   25                                         9.1 (6.2--13.0)                                                                  

  Russia                                         23                                         8.3 (5.6--12.2)                                                                  

  Middle East                                    21                                         7.6 (5.0--11.3)                                                                  

  East Africa                                    15                                         5.4 (3.3--8.8)                                                                   

  Other                                          11                                         4.0 (2.2--7.0)                                                                   

  Kaolin consumption                             Ate kaolin at least once during lifetime   100                      35.2 (29.9--40.9)                                       3 (1)

  Currently eat or ate kaolin in the past year   40                                         14.1 (10.5--18.6)                                               3 (1)            
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10.1371/journal.pone.0220557.t003

###### Characteristics of the study population according to kaolin consumption.
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  Variable                     Category             Non-consumers       Consumers             p-value[\*](#t003fn002){ref-type="table-fn"}                                                             
  ---------------------------- -------------------- ------------------- --------------------- ---------------------------------------------- ------------------- --------------------- --------------- --------
  Socioeconomic status         Children at charge   148                 60.6 (54.2--66.8)                                                    16                  40.0 (24.9--56.7)                     \<0.01
  Isolated from her family     43                   17.6 (13.0--23.0)                         5                                              12.5 (4.0--26.8)                          0.52            
  Socially inserted            114                  46.7 (40.3--53.2)                         18                                             45.0 (29.2--61.5)                         0.87            
  In a relationship            155                  63.5 (57.1--69.6)                         24                                             60.0 (43.3--75.1)                         0.73            
  Healthcare plan enrollee     105                  43.0 (36.7--49.5)                         7                                              17.5 (7.3--32.8)                          \<0.001         
  Recipient of financial aid   19                   7.8 (4.7--11.9)                           3                                              7.5 (1.6--20.4)                           1.00            
  Without a job                108                  44.2 (37.9--50.7)                         19                                             47.5 (31.5--63.9)                         0.88            
  Student                      10                   4.1 (2.0--7.4)                            6                                              15 (5.7--29.8)                            0.02            
  Live in a stable housing     86                   35.2 (29.2--41.6)                         12                                             30.0 (16.6--46.5)                         0.59            
  Clinical variable            Age (year)                                                     31 \[25--39\]                                                                            26 \[22--32\]   \<0.01
  BMI                                                                   25.4 \[22.4--29.8\]                                                                      24.5 \[21.5--30.4\]   0.42            
  Pregnancy                    85                   34.8 (28.9--41.2)                         25                                             62.5 (45.8--77.3)                         \<0.001         
  Geographical origins         Central Africa       24                  9.8 (6.4--14.3)                                                      13                  32.5 (18.6--49.1)                     \<0.01
  East Africa                  15                   6.1 (3.5--9.9)                            0                                              0 (0.0--0.9)                              0.14            
  North Africa                 25                   10.2 (6.7--14.7)                          0                                              0 (0.0--0.9)                              0.03            
  West Africa                  62                   25.4 (20.1--31.3)                         24                                             60.0 (43.3--75.1)                         \<0.001         
  Europe                       55                   22.5 (17.4--28.3)                         3                                              7.5 (1.6--20.4)                           0.03            
  Middle East                  21                   8.6 (5.4--12.8)                           0                                              0 (0.0--0.9)                              0.05            
  Russia                       23                   9.4 (6.1--13.8)                           0                                              0 (0.0--0.9)                              0.05            
  Other                        11                   4.5 (2.3--7.9)                            0                                              0 (0.0--0.9)                              0.23            

This table depicts the results of the univariate analysis prior to conducting the multivariate analysis. All variables showing a p-value \<0.75 were included in the initial step of the multivariate logistic regression.

\* Pearson chi-square test for qualitative variables, Wilcoxon-Mann-Whitney test for quantitative variables

10.1371/journal.pone.0220557.t004

###### Characteristics of kaolin consumers (N = 40) and their consumption.
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  Variable                                                                     Category   Total number        \% (95% CI)
  ---------------------------------------------------------------------------- ---------- ------------------- -------------------
  Consumption outside pregnancy                                                Yes        20                  50.0 (35.2--64.8)
  Sources                                                                      Friends    6                   15.0 (7.1--29.1)
  Retailers                                                                    28         70.0 (54.6--81.9)   
  Family                                                                       6          15.0 (7.1--29.1)    
  Approximated volume intake                                                   \<25 g     31                  77.5 (62.5--87.7)
  25-\<50 g                                                                    5          12.5 (5.5--26.1)    
  50-\<75 g                                                                    1          2.5 (0.4--12.9)     
  75-\<150 g                                                                   0          /                   
  ≥150 g                                                                       1          2.5 (0.4--12.9)     
  Consumption frequency                                                        Daily      9                   22.5 (12.3--37.5)
  Weekly                                                                       14         35 (22.1--50.5)     
  Monthly                                                                      5          12.5 (5.5--26.1)    
  Occasionally                                                                 8          20 (10.5--34.8)     
  Only once                                                                    3          7.5 (2.6--19.9)     
  Consumption motives                                                          Cure       7                   17.5 (8.7--31.9)
  Liking the smell                                                             19         47.5 (32.9--62.5)   
  Liking the taste                                                             12         32.5 (20.1--48.0)   
  Relaxation                                                                   8          20.0 (10.5--34.8)   
  Baby protection                                                              1          2.5 (0.4--12.9)     
  Custom                                                                       8          20.0 (10.5--34.8)   
  Other                                                                        12         32.5 (20.1--48.0)   
  Evaluation of the addictive symptomatology associated with the consumption   Craving    23                  57.5 (42.2--71.5)
  Feeling of excessive consumption                                             13         32.5 (20.0--48.0)   
  Want to stop or decrease consumption                                         23         57.5 (42.2--71.5)   
  Need for consumption early in the morning                                    10         25.0 (14.2--40.2)   
  Negative reactions of relatives                                              11         27.5 (16.1--42.8)   
  At least 2 positive items among the 5 above                                  24         60.0 (44.6--73.6)   

Evaluation of the prevalence of consumers among the patients {#sec011}
------------------------------------------------------------

Among the whole sample, 35% (95% CI: 29.9--40.9, N = 100) of the patients had eaten one of the forms of kaolin displayed on the board during their life, and 40 patients (14.1%, 95% CI: 10.5--18.6) were eating or had eaten kaolin within the past year.

Motivations and modalities of consumption {#sec012}
-----------------------------------------

Among pregnant consumers (N = 25/40), 80% reported consumption outside pregnancy (N = 20). Consumption mainly involved small quantities (approximately \<25 g) consumed on a daily (N = 9, 22.5%) or weekly basis (i.e., every week, but not every day of the week, N = 14, 35.0%). The kaolin was obtained by buying from retailers (70%, N = 28), i.e., African or Asian good stores. The reported motives for consumption were mostly liking the smell or taste (respectively N = 19, 47.5% and N = 12, 32.5%), followed by relaxation purposes (N = 8, 20%), compliance to custom (N = 8, 20%) and seeking a cure (N = 7, 17.5%). Other motives were reported by 32.5% (N = 12) of the consumers and mainly included coping with nausea (N = 6) and decreasing salivation (N = 4).

Evaluation of consumption-associated factors {#sec013}
--------------------------------------------

[Table 5](#pone.0220557.t005){ref-type="table"} shows the results of the multivariable logistic regression. Adequacy and calibration criteria were satisfactory and allowed interpretation of the results (Hosmer-Lemeshow test result: p = 0.99; area under the receiver operator characteristic curve: 0.87, 95% CI(0.81--0.93)). Originating in WCA was significantly associated with consumption (adjusted OR (aOR) = 52.7, 95% CI(13.7--202.2)), suggesting a confounding relationship of WCA origin and kaolin consumption with other variables in the univariate analysis. An interaction was detected between having children at charge and being isolated from family. Having a dependent child was a protective factor against consumption only when the patient was not isolated from family (aOR = 0.12 (0.04--0.31)) and otherwise not related to consumption. On the other hand, being isolated from family was a protective factor only when the patient had no dependent children (aOR = 0.05 (0.01--0.21)), and not otherwise statistically related to consumption.

10.1371/journal.pone.0220557.t005

###### Factors independently associated with kaolin consumption.
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  Variable                                                                 Category                 Unadjusted OR (95% CI)                                                    Adjusted OR (95% CI)                                                      
  ------------------------------------------------------------------------ ------------------------ ------------------------------------------------------------------------- ------------------------------------------------------------------------- -------------------
  Socioeconomic status                                                     Children at charge       0.42 (0.21--0.82)                                                         Effect of children at charge = Yes; when isolated from her family = Yes   1.92 (0.27--13.7)
  Effect of children at charge = Yes; when isolated from her family = No   0.12 (0.04--0.31)                                                                                                                                                            
  Isolated from her family                                                 0.66 (0.24--1.78)        Effect of isolated from her family = Yes; with children at charge = Yes   0.90 (0.17--4.68)                                                         
  Effect of isolated from her family = Yes; with children at charge = No   0.05 (0.01--0.21)                                                                                                                                                            
  Socially inserted                                                        0.91 (0.47--1.79)        /                                                                                                                                                   
  In a relationship                                                        0.83 (0.42--1.65)        /                                                                                                                                                   
  Healthcare plan enrollee                                                 0.27 (0.12--0.65)        /                                                                                                                                                   
  Recipient of financial aid                                               0.95 (0.27--3.36)        /                                                                                                                                                   
  Live in a stable housing                                                 0.77 (0.37--1.60)        /                                                                                                                                                   
  Student                                                                  4.08 (1.39--11.9)        /                                                                                                                                                   
  Without a job                                                            1.14 (0.59--2.23)        /                                                                                                                                                   
  Clinical variable                                                        Age (year)               0.47 (0.27--0.81)                                                         /                                                                         
  BMI                                                                      0.80 (0.49--1.29)        /                                                                                                                                                   
  Pregnancy                                                                3.11 (1.56--6.23)        /                                                                                                                                                   
  Geographical origins                                                     Central or West Africa   21.5 (6.44--71.8)                                                         52.7 (13.7--202.2)                                                        

Addictive-like symptoms {#sec014}
-----------------------

Among the 40 consumers, 24 patients (60%) answered positively at least 2 items among the 5 items (craving, feeling of excessive consumption, desire to stop or decrease, early morning need, negative reaction of relatives). Among them, 23 patients (57%) reported having had craving-like symptoms regarding kaolin consumption. When asked to score their craving intensity from 0 to 10, 17 (73.9%) scored over 5, and 7 (30.4%) scored 10. A feeling of excessive consumption was reported by 13 consumers (32.5%), and 23 (57.5%) reported a desire to stop or decrease consumption. Ten patients (25%) reported a need to consume early in the morning. A negative reaction of their relatives was reported by 11 consumers (27.5%).

Identification of consumer profiles {#sec015}
-----------------------------------

The multivariate descriptive analysis of consumers (N = 40) identified three profiles in our sample (see supplementary figure [S4 Fig](#pone.0220557.s004){ref-type="supplementary-material"} for details of the elbow rule decision). Consumer characteristics are depicted in [Table 6](#pone.0220557.t006){ref-type="table"}. The first cluster (N = 15) included women who were younger and more often pregnant but not with children at charge at the time of the consultation than the whole sample. They also reported addictive-like symptoms less often but more frequently a consumption motivated by custom. The second cluster (N = 20) included older consumers who were not pregnant but all with children at charge. A higher proportion of patients in this cluster compared to the first cluster reported addictive-like symptoms. The motives for consumption were liking the organoleptic properties of kaolin (smell and taste) and for relaxation purposes. The third cluster (N = 5) was a more severe variant of the second cluster, showing a more pronounced loss of control regarding their consumption.

10.1371/journal.pone.0220557.t006

###### Description of clusters identified among kaolin consumers.
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  Variable                                              Category   Cluster 1 (N = 15)   Cluster 2 (N = 20)   Cluster 3 (N = 5)   p-value[\*](#t006fn001){ref-type="table-fn"}   p-trend[\*\*](#t006fn002){ref-type="table-fn"}
  ----------------------------------------------------- ---------- -------------------- -------------------- ------------------- ---------------------------------------------- ------------------------------------------------
  Need to consume early in the morning (N, %)           Yes        5 (33.3)             0 (0.0)              5 (100.0)           0.0005                                         0.017
  Pregnancy (N, %)                                      Yes        14 (93.3)            11 (55.0)            0 (0.0)             0.001                                          0.0001
  Consumption motivated by liking of smell (N, %)       Yes        2 (13.3)             12 (60.0)            5 (100.0)           0.001                                          0.0002
  Children at charge (N, %)                             Yes        1 (7.0)              10 (50.0)            5(100.0)            0.0015                                         0.0014
  Feeling of excessive consumption (N, %)               Yes        3 (20.0)             5 (25.0)             5 (100.0)           0.0015                                         0.001
  Want to stop or decrease consumption (N, %)           Yes        7 (46.7)             19 (95.0)            5 (100.0)           0.002                                          0.007
  Consumption motivated by need for relaxation (N, %)   Yes        1 (0.7)              3 (15.0)             4 (80.0)            0.003                                          0.001
  Consumption motivated by liking of taste (N, %)       Yes        0 (0.0)              10 (50.0)            3 (60.0)            0.003                                          0.003
  Consumption motivated by custom (N, %)                Yes        7 (46.8)             0 (0.0)              1 (20.0)            0.005                                          0.001
  Consumption motivated by another motive (N, %)        Yes        9 (60.0)             3 (15.0)             0 (0.0)             0.0065                                         0.017
  Age (median, IQR)                                     /          22 \[18.5--26\]      29 \[23--33\]        32 \[25--37\]       0.007                                          0.002
  Negative reactions of relatives (N, %)                Yes        1 (6.7)              6 (30.0)             4 (80.0)            0.0075                                         0.002
  Recipient of financial aid (N, %)                     Yes        2 (13.3)             2 (10.0)             3 (60.0)            0.049                                          NS
  Isolated from her family (N, %)                       Yes        0 (0.0)              5 (25.0)             0 (0.0)             0.08                                           NS
  Craving (N, %)                                        Yes        9 (60.0)             17 (85.0)            5 (100.0)           0.1                                            NS
  Consumption as a cure (N, %)                          Yes        3 (20.0)             3 (15.0)             1 (20.0)            0.17                                           NS
  Without a job (N, %)                                  Yes        5 (33.3)             12 (60.0)            2 (40.0)            0.28                                           NS
  Live in a stable housing (N, %)                       Yes        4 (26.7)             5 (25.0)             3 (60.0)            0.38                                           NS
  Consumption motivated by baby protection (N, %)       Yes        1 (6.7%)             0 (0.0)              0 (0.0)             0.5                                            NS
  Socially inserted (N, %)                              Yes        7 (46.7)             10 (50.0)            1 (20.0)            0.61                                           NS
  West or Central Africa origin (N, %)                  Yes        13 (86.7)            19 (95.0)            5 (100.0)           0.72                                           NS
  In a relationship (N, %)                              Yes        10 (66.7)            11 (55.0)            3 (60.0)            0.9                                            NS

\* Pearson chi-square test for qualitative variables and Kruskal-Wallis test for quantitative variables; statistical significance threshold with Hochberg correction for multiple tests

\*\* Cochran-Armitage test for linear trends for qualitative variables and Jonckheere trend test for quantitative variables

Our main finding was that 14.1% of patients consulting in a major French metropolitan urban area care center specialized in the care of psychologically and socially frail migrant women were clay consumers. Second, the characteristic most strongly associated with consumption was Central or West Africa origin (aOR = 52.7; 95% CI (13.7--202.2)), confirming the strong cultural component of the practice. Finally, a high proportion of consumers (60%) showed addictive-like symptoms, and three profiles were identified, depicting a continuum of patients in regard to their control over kaolin consumption.

The prevalence of geophagia is already known to be high in sub-Saharian Africa. According to different studies, the prevalence could range from 14% to more than 60% in the population living in this area \[[@pone.0220557.ref004],[@pone.0220557.ref005]\]. The prevalence in European countries is thought to be far lower. In a Danish cohort study including 100 000 pregnant women conducted in 2006, the prevalence of pica was evaluated to be 0.02% \[[@pone.0220557.ref022]\]. Our study confirmed that this practice is associated with a strong cultural component \[[@pone.0220557.ref023]\] and may be far more frequent in specific subgroups of populations. Moreover, our results suggest that this consumption is often exported to foreign countries when migration occurs and may become concentrated in precarious and less visible but highly vulnerable populations in asylum countries, turning this into a stealthy and underestimated practice.

Practitioners in asylum countries are largely unaware of their patient's consumption; this problem becomes more pronounced as the patients themselves and their relatives have a negative view making this an habit hard to unveil and break \[[@pone.0220557.ref024]\]. This poor knowledge regarding geophagia is prone to have consequences following a delay in identification and treatment in practice. The consequences are various and include deficiencies by chemical chelation of nutrients (Fe, zinc, copper, and selenium), heavy metal intoxication (lead, cadmium and arsenic), geohelminth infection, gastrointestinal upset, dental injury and achlorhydria \[[@pone.0220557.ref010],[@pone.0220557.ref025]--[@pone.0220557.ref027]\]. Whether consuming during pregnancy can affect both mother and child remains debatable \[[@pone.0220557.ref028]--[@pone.0220557.ref031]\], but some evidence has indicated potential lead poisoning of fetuses \[[@pone.0220557.ref032]\]. The lead content of kaolin is highly variable, but a sample bought in a retail shop frequently mentioned by patients showed a lead concentration of 36 ppm, which is worrisome. Moreover, as clay could chelate chemical components that are concomitantly consumed and inhibit their absorption, it could also impair the function numerous oral pharmacotherapies \[[@pone.0220557.ref033],[@pone.0220557.ref013]\], e.g., oral ferrous supplementation prescribed to correct or prevent an iron deficiency anemia, which may have been induced by kaolin consumption. A solution for preventing clay consumption could be enhancing the nutritional knowledge of consumers. In a pilot study that included 135 geophagous women in rural Nigeria, nutrition education focusing on geophagia significantly decreased the practice in 77% of the participants \[[@pone.0220557.ref034]\].

However, the presence of addictive-like symptoms seems frequent and could impair the outcomes of such interventions. In our study, we found that 60% of recent consumers responded positively to at least 2 items regarding potential addictive-like behavior, with 23 (57%) reporting a craving. In a qualitative study conducted in a sample of 35 geophagous patients, 25 (71%) attributed their consumption to the occurrence of craving \[[@pone.0220557.ref023]\]. Withdrawal symptoms such as increased heartbeat, restlessness, dysphoria, dissatisfaction, hypersalivation and nervousness were also reported. In both studies, smell was identified as a trigger of cravings.

Classifying kaolin consumption as a pica is tentative. According to the DSM-5, a pica is essentially defined by the ingestion of a non-nutritive or nonedible substance that persists for at least one month in an individual aged over 2 years old \[[@pone.0220557.ref001]\]. Other criteria include the fact that this behavior is not adequate to the developmental level of the patient and that this behavior is not a culturally or socially acceptable practice. Regarding kaolin consumption, the cultural acceptance of consumption is debatable as it seems to be perceived with ambivalence within the practicing communities. Clay consumption is associated with low education by men and appears to be a socially sanctioned practice. On the other hand, there appears to be significant social pressure to desire clay during pregnancy in certain cultures \[[@pone.0220557.ref024]\]. Finally, some data suggest that it preferentially occurs during pregnancy and then naturally vanishes thereafter \[[@pone.0220557.ref003]\], without a withdrawal syndrome; this latter finding questions the definition of kaolin consumption as a true addiction.

From a pharmacological perspective, the composition of clay is not suggestive of a psychotropic effect of the substance. Kaolinite is mainly composed of silicon, aluminum and iron. Silicon is not known to possess psychotropic activity. A debate exists regarding silicon toxicity in the brain when administered in nanoparticles, but these are not naturally present in clay \[[@pone.0220557.ref035],[@pone.0220557.ref036]\]. Aluminum is known to be neurotoxic at very high serum concentrations (e.g., causing encephalopathy in patients performing dialysis on a regular basis), and its association with neurodegenerative diseases has been debated \[[@pone.0220557.ref037]\]. However, no information is available regarding activation of reward circuitry during aluminum intoxication.

The fact that iron deficiency anemia can facilitate the development of addictive symptomatology by creating or reinforcing iron deficiency anemia has to be discussed. Evidence favoring this hypothesis is that the intake of clay hinders the absorption of iron and L-tyrosine is transformed into L-DOPA by the enzyme tyrosine hydroxylase, which requires iron as a cofactor \[[@pone.0220557.ref038]\]. Therefore, iron deficiency anemia is theoretically likely to disrupt the dopaminergic system in the brain \[[@pone.0220557.ref039]--[@pone.0220557.ref042]\]. Many structures are thought to be potentially affected, including mesocortical, mesolimbic, nigrostriatal and tuberohypophyseal pathways \[[@pone.0220557.ref043]\]. Thus, anemia could be linked to the development of addictive symptomatology through a mechanism whose detail is still unknown but potentially mediated by dysregulation of dopamine transmission in reward and prefrontal circuits \[[@pone.0220557.ref044]\]. An interesting clinical element in this setting is the observation in the literature of patients showing cravings for various non-nutritive substances that is triggered by olfactory stimuli, which disappears when the iron deficiency is corrected \[[@pone.0220557.ref045],[@pone.0220557.ref046]\], as well as at least one reported case of craving regarding kaolin consumption \[[@pone.0220557.ref013]\].

Our cluster analysis provided further information. The identified clusters depicted a continuum of control regarding consumption. The patients in the first cluster may correspond to younger women initiating their consumption due to discomfort induced by pregnancy and their beliefs in the therapeutic properties of clay (reward-driven consumption). The patients in the second and third clusters are more advanced in their life and continue to consume kaolin without the need to relieve discomfort associated with pregnancy. These women may correspond to patients more advanced in their problematic use of clay and present a more habit-driven consumption than the patients belonging to the first cluster. We also observed that clusters 2 and 3 less often reported a consumption motivated by custom compared to cluster 1, which was composed of younger women. This poses the question of a potential effect of acculturation in French society regarding changes in the perception of this practice.

Some recommendations can be discussed regarding the handling of geophagous patients, as explained in the paper of Lambert et al \[[@pone.0220557.ref003]\]. Questioning pica must be systematic during antenatal consultation, all the more if there is anemia, a psychiatric disease or belonging to an ethnic minority. Modifiable factors associated with consumption must be investigated and corrected (dyspepsia, nausea, iron deficiency anemia and stress). Mechanical complications (e.g., constipation) must be investigated and treated, e.g., with lubricants. Potassium levels must be checked, as well as heavy metal intoxication (at least lead to rule out lead poisoning). If an iron deficiency anemia is diagnosed, the efficacy of oral supplementation must be checked, and in cases of inefficacy, intravenous iron supplementation or maternal transfusion must be considered. Regarding alimentation or drug administration, they must be shifted (at least 2 hours) from the intake of clay if consumption could not be stopped. In the case of addictive symptomatology, seeking the support of an addiction team can be beneficial, and as a last resort, switching towards another type of pica (starch, ice) could be advised to avoid the toxicological consequences of clay consumption.

A main limitation of our study is that, despite being interesting, the data regarding the addictive-like symptomatology are only partly documented. One reason is that documentation of addictive-like phenomena was a secondary objective of our study. A second reason is that our methodology involved questioning patients during a clinical consultation that was not dedicated to the study of addiction-like phenomena. Therefore, time constraints were very tight, as only a few minutes of the whole clinical interview were dedicated to the relevant questionnaire. This process did not allow a complete evaluation of the addictive-like symptomatology but rather a screening. However, although the addictive-like symptomatology evaluation was incomplete, our results warrant further studies dedicated to the full evaluation of this addictive-like symptomatology, and if the presence of addiction is confirmed, its accurate management could be a major step towards preventing the consequences of kaolin consumption in migrant populations.

There are other limitations to our study. First, although we carefully chose potential covariates to be included prior to the analysis, there is always the possibility of the presence of residual confounding, which could at least partially explain the observed associations. Second, we did not record patients who refused to participate in our study, which could have biased our results and restricted the generalizability of our study (in most instances, patients who were not questioned were in a critical situation rendering such questioning inappropriate). Last, our work could have missed some consumers due to that the board displaying the pictures of kaolin was not exhaustive.

Conclusions {#sec016}
===========

This study documented the prevalence of kaolin consumption in a population of migrants. It showed that in this population, the consumption of kaolin occurs in a non-negligible proportion of patients. This knowledge is important because migratory flux towards Europe increases in magnitude, and Western caregivers are often poorly aware of this practice, which may impair care. This finding warrants further study of the addictive symptoms often associated with the consumption of kaolin.
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###### French questionnaire.

This is the original questionnaire used in the study.

(PDF)

###### 

Click here for additional data file.

###### English questionnaire.

This is an English translation of the original questionnaire used in the study.

(PDF)

###### 

Click here for additional data file.

###### Picture board.

This is the picture board used to identify kaolin consumption and evaluate quantities consumed.

(PDF)

###### 

Click here for additional data file.

###### Choice of clusters using the elbow rule.

This figure shows how the 3-cluster solution was chosen.

(PDF)

###### 

Click here for additional data file.
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